Climate, weather conditions, and concentrations of trace compounds
The Fichtelgebirge Mountains are located in the transition zone from maritime to continental climates (Foken, 2003 (Foken, 2003; Lüers et al., 2009) .
Climate data are given in Table S1 , complemented by recent climatic trends. While the year 2007 was the warmest in the region since permanent weather observations have started in Bayreuth (1850), the summer 2007 was warm but not extreme. IOP-1 (Table S2) , starting just at the end of summer 2007, was always under influence of cyclonic conditions and it was only during the "Golden Days" that the anticyclone "Katrin" dominated Central Europe. From 18
June 2008 onward, IOP-2, in the beginning cold and cyclonic, experienced warmer air (Table   S2) , which was bordering colder air masses to the north. Under these warm and cyclonic conditions, thunderstorms passed through the Fichtelgebirge region including our site on 25 June (8.5 mm, 15:10-16:50 CET). The IOP-2 "Golden Days" period, starting on 28 June, was characterized by dry summer weather, not dominated by an anticyclone, and ended on 03 July with the cyclone "Renate" (44.1 mm of rain). Up to the end of IOP-2 cyclonic conditions (with some showers) returned.
An overview of the meteorological conditions and ambient O 3 , NO, NO 2 , and SO 2 concentrations is given in Table S3 . Wet deposition of the ionic components of rain (in mg m -2 ), integrated over the entire time period of IOP-1 and IOP-2, was found to be typical for the region.
Highest wet deposition rates were observed in the rain fall just after the "Golden Days" of -Pflanzgarten (period 1971 -2000 , Foken, 2003 and climate trends (Foken, 2004; Seifert, 2004) 
Additional information about the experimental set up
The locations of the installed towers of the EGER experiment are shown in Fig. S1 ; exact geographical positions of all towers and remote sensing instruments are listed in Tables S4   and S5, The final expression for the time scales of turbulent trace gas transport thus reads:
with φ H the universal function for the heat exchange (also used for trace gases), ς=z/L with the Obukhov-length L, the von-Kármán-constant κ, the measuring height z m , the turbulent Schmidt number Sc t , and the friction velocity u * . It should be stated that Eq. (S3) is only applicable under Monin-Obukhov similarity conditions. Typical time scales for reactions of chemically reactive compounds are given in Appendix B (reactions 1-15, see Dlugi, 1993) . However, assuming reasonable vertical mixing and considering given (measured) concentrations of reaction partners, the characteristic chemical reaction times can be calculated using (i) kinetic constants (Atkinson et al., 2004) , (ii) radiation fluxes for photolysis (e.g. for O 3 , NO 2 , and HONO), and (iii) known thermodynamic quantities, NH 3 -HNO 3 -NH 4 NO 3 , (see Wolff et al., 2010b) Lenschow (1982) :
Flux-gradient relations and roughness sub-layer
Because of the substantially enhanced aerodynamic roughness of the forest canopy in comparison to smooth surfaces, where the Monin-Obukhov similarity theory is valid, a stronger mixing occurs over forest canopies (mixing layer theory, see Sect. 1 and 2.4). Consequently, higher fluxes will occur in case of lower gradients. This can be compensated by application of an universal function φ * of the roughness sub-layer (of thickness z * ) . From integration of fluxgradient equations between two levels follows the aerodynamic method for the trace gas flux (Foken, 2008a; Monteith and Unsworth, 2008) .
The profile function for scalars and momentum in the integrated form is given by Instead of using an enhancement factor for momentum, the friction velocity is often directly determined with eddycovariance measurements at the relevant height of the application of the aerodynamic method.
With this assumption it follows for Eq. (S5)
Therefore, an unknown error due to the enhancement factor for scalars must be assumed which underestimates the fluxes up to 30-60 %, if the enhancement factor for scalars is in the same order as that for the momentum exchange (Mölder et al., 1999) .
The usual procedure to characterize the roughness sub-layer could not be realized for the Waldstein-Weidenbrunnen site, simply because none of the EGER towers was tall enough to install a sufficient number of measurement levels between the top of the canopy (23-25 m a.gr.) and the roughness sub-layer height z * (presumably >50 m a.gr.). Data from the sodar/RASS and the mini-sodar cannot be used because their (large) footprint is not representative for the Waldstein-Weidenbrunnen forest. Therefore, we preferred using the following alternative to derive the desired correction function φ * (z/z * ). The function φ * has been determined from data obtained during the recent field experiment COPS (Wulfmeyer et al., 2011) , performed over a growing maize field (for details see Eigenmann et al., 2009 ).
In Fig. S3 (Cellier and Brunet, 1992) . A strong dependence on the friction velocity was found, but for moderate friction velocities up to 0.6 m s -1 , Eq. (S8) gives the best approximation with η=0.6, which was also found by Mölder et al. (1999) . A slight but not significant dependence on stability was also recognised. The enhancement factor for the momentum exchange at 31 m height is therefore approximately 1.6.
Similar to other authors (Mölder et al., 1999) , the number of measuring points and the accuracy of the data were not adequate for the calculation of the universal function of the roughness sub-layer for scalars. For the temperature profile over the maize field the linear relationship with η=1.0 was in agreement with Mölder et al. (1999) . At the forest site the scalars at a height of 23 m, at the top of the canopy, already showed an increased gradient to the top of the tower and no reduced gradient according to the roughness sub-layer assumption. Therefore, for scalars no additional enhancement factor should be used.
For many trace gases the use of the eddy-covariance technique is not yet feasible due to the lack of fast response sensors. The aerodynamic method, as described above, was not directly applied in the present paper, but in parallel studies (Wolff et al., 2010a; Wolff et al., 2010b) ; furthermore, the site specific enhancement factor is important for the interpretation of fluxes and gradients (see Sect. 3.5). Moreover, characteristics of the roughness sub-layer are relevant for the mixing layer theory, which is the basis for the coupling approach (see Sect. 
Energy balance closure
In former studies (Aubinet et al., 2000; Foken, 2008b) , a value of 77 % for the energy balance closure was found according to
with the net radiation R n , the sensible heat flux H, the latent heat flux LE, the ground heat flux G, and residual of the energy balance closure Res. In this study the heat storage was neglected.
During both IOPs similar values were found with approx. 80 % for both IOP"s (Fig. S4) . Analysis of coherent structures was extended to the lower boundary layer according to Thomas et al. (2006) using sodar measurements. To derive characteristics of coherent structures from sodar/RASS individual soundings, data had to be preprocessed and wavelet analysis has to be applied. For occasional environmental noise detection and discarding of erroneous data, denoising and gap filling procedures were considered (Crescenti, 1998; Miller and Rochwarger, 1970; Neff and Coulter, 1986) . Firstly, data were filtered using the error flag output by the sodar/RASS system. Secondly, a quality control tool, described in Thomas et al. (2006) , was applied. Spectra of wavelet variance for different observation levels (14 September, 2007) are presented in Fig. S6 . Data for the lower levels, which are comparable with corresponding structures responsible for the coupling, exhibit the first maximum at ~30 sec, whereas the higher observation levels show the stronger maximum at ~50-60 sec. Figure S6 . Normalized spectra of the wavelet variance of the vertical wind component at different observation levels during IOP-1 (14 September, 2007, 00:00 -00:25 CET).
Time series of trace gas fluxes
Trace gas fluxes measured by the eddy covariance technique at 32 m above forest floor are shown in Fig. S7 (IOP-1: left panels, a-c; IOP-2: right panels, a-e). They comprise turbulent fluxes of water vapor (F H2O ), carbon dioxide (F CO2 ), ozone (F O3 ), nitrogen dioxide (F NO2 ), nitric oxide (F NO ), and the composites F Ox = F O3 +F NO2 and F NOx = F NO +F NO2 . During the selected fair-weather days, F H2O clearly followed diel variations of available energy and H 2 O gradients; it was close to zero during night, and up to 200 W m -2 during day (Fig. S7 a) . Classic daily variations were found for F CO2 , featuring negative fluxes during daytime (CO 2 uptake by vegetation) and positive (respiration) fluxes during night (Fig. S7 b) . As expected, ozone fluxes reflected during both IOPs the well-known O 3 deposition to forest vegetation and ground ( Fig. 16 c, black symbols); F Ox followed closely F O3 (Fig. S7 c, grey symbols) for reasons explained below (see Section 3.5.). In contrast, F NO2 (measured during IOP-2 only) was mostly directed upwards, with large fluxes during most of the daytime and smaller fluxes during night (Fig. S7 d, right panel) . For NO, however, peaks of downward directed fluxes were determined during the morning hours, whereas F NO was indistinguishable from zero for the rest of the day and also during night-time (Fig. S7 e, right panel) .
Data gaps in F NO and F NO2 were due to routine calibration. The flux of the chemically conservative composite NO x showed a very similar pattern to that of F NO2 (Fig. S7 d, Measurement heights were 32 m (a. gr.) for all fluxes measured by eddy covariance during IOP-1 (a-c), and during IOP-2 (a-e); fluxes of total ammonium and total nitrate (d and e, IOP-1), determined by aerodynamic gradient technique, refer to 27.1 m (geometric mean of the heights of both intake levels). the 24 m (canopy top) and 0.9 m (above understory) levels were for most of the daytime negative (upward), and positive during summertime nights (downward), confirming that we have observed well-known fair weather in-canopy gradients with moister conditions below the canopy compared to those above during day, and opposite gradients during night (Fig. S8 a) . (Sörgel et al., 2011) . During many of the daytime hours, Δ[HONO] was negative (upward) or close to zero, but positive (downward) during much of the night (Fig. S8 f) . 
Time series of concentration differences between canopy top and forest floor

